Objectives: The aim of this study was to assess treatment patterns of lipid-lowering therapy (LLT) in patients with hyperlipidaemia or prior cardiovascular (CV) events who experience new CV events. Methods: A retrospective populationbased cohort study was conducted using Swedish medical records and registers. Patients were included in the study based on a prescription of LLT or CV event history and followed up for up to 7 years for identification of new CV events and assessment of LLT treatment patterns. Patients were stratified into three cohorts based on CV risk level. All outcomes were assessed during the year following index (the date of first new CV event). Adherence was defined as medication possession ratio (MPR) > 0.80. Persistence was defined as no gaps > 60 days in supply of drug used at index. Results: Of patients with major cardiovascular disease (CVD) history (n = 6881), 49% were not on LLT at index. Corresponding data for CV risk equivalent and low/unknown CV risk patients were 37% (n = 3226) and 38% (n = 2497) respectively. MPR for patients on LLT at index was similar across cohorts (0.74-0.75). The proportions of adherent (60-63%) and persistent patients (56-57%) were also similar across cohorts. Dose escalation from dose at index was seen within all cohorts and 2-3% of patients switched to a different LLT after index while 5-6% of patients augmented treatment by adding another LLT. Conclusions: Almost 50% of patients with major CVD history were not on any LLT, indicating a potential therapeutic gap. Medication adherence and persistence among patients on LLT were suboptimal.
Introduction
Cardiovascular disease (CVD), with the usual underlying pathology of atherosclerosis, is the leading cause of death and disability in the world (1) . Consequently, CVD contributes extensively to the escalating costs of healthcare (2) . The most common manifestation of CVD is coronary heart disease (CHD). CHD has been estimated to be the leading cause of disability in Europe, accounting for approximately 10% of total disability-adjusted life years (3) .
Hyperlipidaemia is one of the most important factors for developing atherosclerosis (4) . The importance of pharmacological treatment in the prevention of cardiovascular disease has been demonstrated in a large number of clinical trials where the use of lipidlowering therapy (LLT) has been found to decrease rates of cardiovascular events and early death (5, 6) .
There is strong evidence that secondary prevention for CVD lowers the rates of CV events and mortality (7) (8) (9) (10) (11) (12) , and primary prevention for patients with diabetes has been found to lower the risk for CVD (13) .
The serious nature of CVD and the major economic impact of the disease calls for optimal treatment in real world settings. Despite this, there is a wealth of clinical trials demonstrating that several subgroups of statin-treated patients would benefit from a more intense LLT regimen (14) . In addition, for obvious reasons, 'drugs do not work if patients do not take them' (15) . It is well established that drug adherence, especially in chronic conditions, is far from optimal and that medication non-adherence is a serious problem in healthcare (13) . Several studies have linked treatment non-adherence for LLT and other drug types to increased risk of cardiovascular disease and mortality (16) (17) (18) (19) (20) .
There are only limited data on the contemporary treatment of hyperlipidaemia, especially among highrisk patients (21) (22) (23) . The objective of the study was therefore to assess treatment patterns of lipid-lowering drugs in Swedish patients with hyperlipidaemia or prior cardiovascular (CV) events (myocardial infarction, unstable angina, revascularization, ischaemic stroke, transient ischaemic attack or heart failure) who experience new CV events. The study also investigated adherence aspects of LLT in a real-world setting.
Methods

Study design and population
This was a retrospective register cohort study conducted using patient-level data. The primary data sources for the study were electronic medical records in primary care and three national compulsory health registers which are governed by the Swedish National Board of Health and Welfare. By merging data from the medical records with data from the National Patient Register, the Cause of Death Register, and the Swedish Prescribed Drug Register, information on a patient-level basis was available for the following resource and cost domains:
• Pharmaceuticals: The Prescribed Drug Register captures data on prescriptions filled at pharmacies, including drug type, prescription date, dispensing date, dose and pack size.
• Inpatient and outpatient care: All hospitalizations, surgical procedures and outpatient specialist visits were collected from the National Patient Register for the complete observable period for each patient.
• Primary care: All physical contacts and contacts by phone with nurses, general practitioners and other healthcare personnel in the primary care centres were collected from the electronic medical records.
• Death: The Cause of Death Register provided confirmed dates of death, allowing for censoring of patients.
Unique patient ID numbers were available in all data sources which allowed for linkage of individual patients between datasets. The linkage of de-identified patients was performed by the National Board of Health and Welfare. The study was approved by the Swedish Ethics Review Board.
Patients were included in the study population based on having hyperlipidaemia, defined as treatment with LLT as this is the most accurate way of identifying hyperlipidaemia patients in Sweden. Patients were included on the date of the first prescription of LLT during 2006 if a second filled prescription followed within 6 months. The study inclusion date was defined as the date of the first of the filled prescriptions for LLT. In addition, patients without LLT during 2006 but with a prior history of CV events (within the past 5 years) were also included in the study to capture patients with CVD at baseline. For patients that did not receive LLT but who had a history of CV events, the study inclusion date was defined as 1 January 2006.
Patients were stratified into three separate cohorts based on CVD risk ascertained from 10 years prior to and up until study inclusion according to the National Cholesterol Education Program Adult Treatment Panel III guidelines (24) and the European Society of Cardiology guidelines (25) . The stratification was done according to the following definitions:
• History of major CVD cohort: prior diagnosis of myocardial infarction, unstable angina pectoris, ischaemic stroke or revascularization
• CHD risk equivalent cohort: patients not included in the history of major CVD cohort and with prior diagnosis of diabetes, peripheral artery disease, abdominal aortic aneurysm, transient ischaemic attack or stable angina pectoris
• Low/unknown risk cohort: patients not included in the history of major CVD cohort or CHD risk equivalent cohort Patients were observed from study inclusion until 31 December 2009 for identification of new CV events (exposure time). The date of the first new CV event during this period was defined as the index date. Patients were followed up for 1 year (up until 31 December 2012) after the index date (or until death, whichever occurred first) for assessment of treatment patterns on an individual patient level.
Outcome measures
The index drug was defined by the filled prescription of one LLT closest to but prior to the index date, with the supply covering the index date. It was assumed that patients were prescribed one pill per day to calculate length of each prescription. Switching was defined as discontinued the index drug and filling a prescription for another lipid-lowering medication. Treatment augmentation was defined as adding another lipid-lowering drug within a year after index date and dosage escalation as increasing the starting dose after a new CV event. A patient was defined as adherent if the medication possession ratio (MPR), the number of days of index drug supplied during the first 12 months after the new CV event divided by 365 days (or the number of days between index date and death), was greater than 0. 60 days in the supply of index drug during the first 12 months after the new CV event. All outcomes were assessed during the year following index date.
Statistical analysis
This was a descriptive study and summary statistics were reported for each cohort. Tests for statistical comparisons across cohorts were not done because of known differences by CV risk level. All data management and statistical analysis was performed using MySQL and Stata 12.
Results
Patient attrition and characteristics
A total of 96,256 patients were identified for inclusion in the study (Figure 1 ).
Of these, 12,604 (9.1%) experienced a CV event during exposure time and were included in the study. Among the included patients, over half of them had a history of major CVD (55%), with somewhat more patients belonging to the CHD risk equivalent cohort (26%) than to the low/unknown risk cohort (20%). The characteristics of the different cohorts at index date are presented in Table 1 .
Patients with a history of major CVD were older and had higher comorbidity compared with the other cohorts. The low/unknown risk cohort had a substantially lower Charlson comorbidity index score compared with the higher risk cohorts. The low/unknown risk cohort had the highest proportion of females. Between 85% and 92% of the patients in the different risk groups had a filled prescription of an antihypertensive medication at time of study inclusion.
Hyperlipidaemia treatment and index drug
The proportion of patients with a filled prescription of LLT at the date of the new CV event and type of prescribed LLT are shown in Figure 2 .
Almost half of the patients in the history of major CVD cohort did not have a filled prescription of LLT covering the index date. A slightly higher share of patients in the other two cohorts had a prescription of LLT, but still 37-38% of the patients lacked LLT at the time of their new CV event. Statin treatment was by far the most common choice of LLT and only 1-2% of the patients held a filled prescription for any other type of LLT at index.
Treatment patterns
The results on treatment patterns in a post-event period included analyses on dose escalation, augmentation and switching of drug (Figure 3) .
Since all treatment patterns are described in relation to the prescribed LLT at index date, only those patients with a filled prescription at index date are included in these analyses (corresponding to 57% of the study population). Switching of therapy and drug augmentation were similar across cohorts, with 2-3% of patients switching and 4-6% augmenting LLT. There was some variation in terms of dosage escalation, however, with increases in dosage being more common for patients in the lower risk cohorts (25% in the low/unknown risk cohort, 20% in the CHD risk equivalent cohort, and 15% in the history of major CVD). In all three cohorts, statins were the only treatment type for which dosage escalation occurred.
Adherence and persistence
The study findings on how patients adhere and persist to LLT treatment after a new CV event (Figure 4) are only for the patients who had a filled prescription of LLT at index date (corresponding to 57% of the total study population).
As MPR was similar across cohorts (0.74-0.75), therapy adherence after a new CV event was similar in the three cohorts. Approximately two of five patients did not adhere to LLT treatment 1 year after a new CV events. Persistence rates were also similar across the cohorts and fewer patients were found persistent than adherent to LLT.
Discussion
As hyperlipidaemia is one of the most prominent risk factors for CHD, a key approach to reducing the risk of CVD in both primary and secondary prevention is to decrease LDL-C (26, 27) . Several clinical trials have additionally indicated that there are subgroups of statin-treated patients who could benefit from a more intense LLT regimen (14) . Reduction in CV event rates by improved treatment strategies could also mean an opportunity for lower healthcare costs -a recent Swedish registry study established the substantial healthcare resource use and associated costs that CV events result in, especially for patients with high CVD risk (28) . The current guidelines for treatment with LLT in Sweden are developed by the Medical Products Agency (29) and the National Board of Health and Welfare (30) . They state that patients with a clinical history of CVD should primarily be offered statins unless the drug is unsuitable because of contraindications or intolerance. In primary prevention, a risk calculator designed to estimate a person's 10-year CV event risk is used as an aid to making clinical decisions about how intensively to intervene with lifestyle measures and drug treatments (29) . If the risk is estimated to be above 5%, the patient is initially advised to lifestyle changes (such as exercise, diet, lowering of stress). If these lifestyles changes do not prove sufficient, treatment with statins should be considered.
Despite these recommendations by the Medical Products Agency (29) and the National Board of Health and Welfare (30) , this study showed that 38-49% of the patients did not have a filled prescription for LLT at the time of their new CV event. Changes in LLT treatment after a new event could be seen considering dosage increases, particularly for the low/ unknown CV risk cohort, but fewer patients switched medication or added another LLT drug to the treatment regimen. For the secondary prevention patients, a subsequent event leads to fewer alterations of treatment than for the group of patients without a history of CVD. Since the patients in the history of major CVD cohort are at the highest risk of having new CV events, the finding that few of these highrisk patients who experience a subsequent event alter their LLT treatment may indicate a gap in care.
The adherence to LLT in CV prevention has been evaluated in a number of studies internationally. In a large review of published literature on adherence rates, the 12-month adherence rate, measured by MPR, was 74% for LLT (31) . The proportion of patients who were persistent after 1 year was 66% for LLT (31) . This study also used MPR as a measure of adherence and the results showed that 61% of the patients with a history of major CVD had a MPR ≥ 0.8 the first year after a new CV event. Corresponding figures for CHD risk equivalent patients and patients with low/unknown risk were 60% and 63% respectively. This was lower than the international review, but in accordance with a previous study in Swedish setting with statins where 59% of the patients had a compliance measure over 0. 8 (32) . The proportion of persistent patients was also lower than in the international review. A major difference between the Swedish studies, however, is that this study observes MPR directly after a new CV event, while the previous study measured MPR for patients that had not filled a prescription for statins during the previous year. It was anticipated that more patients would be adherent to LLT in a period directly ensuing a new CV event.
The negative consequences of suboptimal LLT use was demonstrated in a study on real-world data conducted in the Netherlands, a country with a similar healthcare system to Sweden. The authors assessed the impact of statin discontinuation on myocardial infarction outcomes in low-risk (no prior CVD) and high-risk (prior CVD) populations and when compared with non-continuous users, 2 years continuous statin users had a lower risk of myocardial infarction 
Proportion of patients
Adherent patients Persistent patients in both the primary and secondary prevention groups (33) . These findings highlights that the lack of treatment adherence shown by this study is important for clinicians to address. This study is based on retrospective data from three national registers and does therefore not suffer from sampling bias or run the risk of bias because of changing participant behaviour. The high representativeness, large samples, long follow-up and data quality that underlie the analyses are important strengths of this study. Sweden is well-known for having excellent registers with a high degree of validity and completeness that allow for generating real-world evidence of high quality. The study can as such be deemed a high degree of external validity, particularly in relevance to the studied healthcare system.
The study also had some limitations. The analyses did not incorporate intensities of background LLT or differentiate treatment patterns by type of LLT. Another potential study limitation concerns patients who receive a prescription for a lipid-lowering therapy but never filled the prescription. This feature of non-adherence could not be included in this study since the analysis was based on pharmacy records of prescriptions that were filled, and not for all prescriptions issued by healthcare personnel. Persistence measures for all patient groups could therefore have been overestimated, but the degree of the bias cannot be measured. It is however reasonable to assume that patients would not continue to refill a prescription without the intention to adhere to treatment (34) .
This study contributes to the current evidence on treatment patterns in real-world setting. The notion that there is a gap between evidence-based medicine and real-world clinical practice has been established in prior studies (35) (36) (37) . Studies based on real-world evidence are therefore important to establish the actual treatment of patients in different clinical practices. The results from this study demonstrate that even after a new CV event, approximately two out of five of these now secondary prevention patients were neither adherent nor persistent to LLT during the first 12 months after the event. An increase in dose compared with the index dose was seen for 15-25% of the patients after the new event, which could indicate suboptimal treatment pre-event. A potential reason for this could be found in a previous study which examined physicians' perception of patients' CVD risk and found that physicians often underestimate this risk (38) . In order for patients to reap the established benefits of LLT found in clinical trials, efforts need to be made to ensure that the current discrepancy between evidence-based medicine and real-world clinical practice is reduced.
Conclusion
Almost 50% of secondary prevention patients in this study were not on any hyperlipidaemia treatment, indicating a potential therapeutic gap leaving patients at unnecessary risk for CV events which are costly to both patients and payers. Furthermore, medication adherence and persistence among patients on hyperlipidaemia treatment were suboptimal, with 37-40% of all patients deemed as non-adherent and 43-44% of all patients as non-persistent. In most patients, a new CV event did not appear to result in major modifications in therapy.
Greater efforts to review and modify LLT for hyperlipidaemia patients may help in preventing future CV events. Further analyses into the reasons for non-persistence or non-adherence for LLT are warranted.
